UNESCO-MAB biosphere reserves are composed of 580 sites distributed in 112 countries. The ecosystems comprising these sites are of global importance because of their biodiversity and endemism levels as well as because of their ecosystem goods and services provided. Biosphere reserves are learning sites for sustainable development. However many of them are threatened because of climate change, land use changes and environmental pollution which cause the degradation of natural resources. In order to mitigate those threats we argue that private and public policies as well as the perception of the value of natural resources by the population should be improved.
Introduction
Biosphere reserves of the UNESCO the Man and Biosphere Programme (MAB) are learning sites for sustainable development. Their ecological characteristics and economic activities are manifested in the territory according to a system of zonation including 3 zones: core zones, buffer and transition areas (UNESCO, 1995; . The core and buffer zones harbour the most biodiversity, ecosystem services and landscapes, while in the transition zones public policies of sustainable development are undertaken in the site. The notion of sustainable development in biosphere reserves has evolved to a model where biodiversity conservation and development are interdependent and applicable to the functioning of all three zones (UNESCO, 2002) ; biodiversity conservation in core zones should be considered in relationship to social and economic development in the entire area as they provide the important services to benefit its inhabitants; similarly, the development in buffer and transition zones must be related to environmental improvements in all the biosphere reserve . Education, research and monitoring play an important role in the functioning of biosphere reserves because they enable the learning on conservation and development policies and practices in the field. Amongst the main environmental management policies for biodiversity conservation are environmental impact assessment (EIA), the creation of protected areas and economic tools such as payment for ecosystem services. The main advantage of these instruments is to allow for the integration of ecological, social and economic aspects of environmental management. The present study on the Serra do Espinhaço Biosphere Reserve aims at analyzing the impact of economic environmental management tools over the past 10 years on local municipalities that comprise the reserve. The ecological ICMS (Merchandise and Service Circulation Tax) is compared to mining royalties and its application to conserve biodiversity and ecosystem services through the creation of protected areas is analysed.
Ecosystem Services
Ecosystem services or environmental services are defined as the benefits that human beings obtain from ecosystems (Millennium Ecosystem Assessment, 2005) . According to the Millennium Ecosystem Assessment, environmental services can be divided into four types: provisioning (food, water, fibber), supporting (primary production, nutrient cycle, soil formation), regulation (climate regulation, water quality) and cultural services (tourism, recreation, spirituality). Although some of the benefits as, for example, food, water or timber, are easier to be recognize by human communities, others such as climate control or nutrient cycle have only been recognized recently.
Raw materials converted into economic products, regulation services (for example: water and climate), cultural services and information (for example: recreation and genetic diversity) constitute irreplaceable and essential benefits for all living beings. Otherwise, these ecosystem services are not readily recognized by human communities as are the other services, even in spite of the increasing natural disasters in the recent decades.
Economic interventions provide instruments to regulate the use of ecosystem goods and services. These interventions could be presented as the follow: elimination of subsidies that promote excessive use of ecosystem services (and transfer of these subsidies to payments for non-marketed ecosystem services); use of taxes for activities with external costs; the creation of markets as, for example, the carbon market; the payment for ecosystem services of compensation for unavoidable harm; mechanisms to enable consumer preferences to be expressed, for example, through certification schemes for sustainable uses of natural resources (Millennium Ecosystem Assessment, 2005) .
Over the past ten years, many countries have adopted economic tools to pay for environmental services or for environmental compensation and have also introduced certification systems for sustainable production. Some governments have started to price carbon, either through taxation or through emissions trading by means of addressing externalities. According to the United Nations Secretary-General's High-level Panel on Global Sustainability (2012) this should not penalize the poor, which are already the most affected group by environmental degradation.
There are several examples of mechanisms for payments or compensation for ecosystem services in the biosphere reserves. Examples in Latin America and the Caribbean are showed in a compilation of good practices of climate change mitigation and adaptation carried out by the German Commission for UNESCO (2011) . Aguay Paz Biosphere Reserve in Costa Rica has been declared carbon neutral. Private companies are financing projects for mitigation of climate change through forestry or agriculture, or rehabilitation of high-carbon ecosystems. In Colombia, Sierra Nevada de Santa Martha, participatory projects implemented by indigenous people are supported by national funds for the restoration of ecosystem and sustainable agriculture. In Cuba, projects financed by GEF (Global Environmental Facility) are currently implemented to improve agriculture and to mitigate climate change by using traditional practices and adapted local varieties (German Commission for UNESCO, 2011) . Sierra Gorda Biosphere Reserve in Mexico has been financed by GEF (Global Environmental Facility) and co-financing came from a wide range of project partners . This biosphere reserve developed a voluntary market for carbon and other environmental offsets. Other case studies in Latin America and worldwide present schemes for payment of ecosystem services in biosphere reserves (see Araya & Clüsener, 2010) .
In Brazil, legislation provides for the concession of financial incentives to landowners and tax transfers based on environmental criteria for municipalities within the boundaries of the in biosphere reserves. A Brazilian national programme "Bolsa Verde" distributes funds to families living in extreme poverty who promote environmental conservation in the areas where they live and work. At Serra do Espinhaço, in Southeastern Brazilian region there are two main taxation mechanisms currently used: the ecological ICMS (Merchandise and Service Circulation Tax) that provides the municipalities with access to funding resources according to environmental criteria and mining royalties that compensate the municipalities financially for the environmental negative impacts.
Serra do Espinhaço
Located in the north-south axis of the States of Minas Gerais and Bahía, the Serra do Espinhaço harbours three highly important Brazilian biomes for the conservation of biodiversity: Caatinga, Cerrado and Mata Atlantica. The last two biomes are included in the list of the only two Brazilian biome hotspots (Myers et al., 2000) . The Serra do Espinhaço is comprised by a mosaic of vegetations, where the most expressive is the "campos rupestres" or rupestrian fields.
In 1693 the region was the scenario of the first discovery of Brazilian mineral richness by the Portuguese, who named the area Minas Gerais. From the end of the seventeenth century until the nineteenth century, Serra do Espinhaço was a obligatory passage, first from São Paulo along the "Camino Velho" (Old Road) and, later, from Rio de Janeiro, along the "Camino Novo" (New Road) (see Figure 1 ). The Historical Town of Ouro Preto, the Santuario Bom Jesus in Congonhas and the Vila de Diamantina Historical Centre are cities with outstanding baroque art and architecture in the Serra do Espinhaco Biosphere Reserve declared as Word Heritage cultural sites.
Nowadays the main activity in this biosphere reserve is mining, it is one of the largest mining exploitations in the world and the most important one in Brazil.
Other activities carried out in the territory are open-range livestock breeding, subsistence or family agriculture and plant extraction. Agriculture, craftwork, tourism and biodiversity prospection in the buffer zones have benefited from the creation of the Serra do Espinhaço Biosphere Reserve.
The implementation of a huge investment project involved four big possibilities for promoting the local economy, through the generation of jobs, income, domestic trade and tax system expansion. According to the Brazilian Institute of Mining (IBRAM, 2007) , mining has led to a significant change in the profile of local employment in the region because it involves a specialized work force at almost all levels of qualification. instrument mobilizes finances originated in the existence of conservation units characterized as Payment for Environmental Services (Ecological ICMS -Merchandise and Service Circulation Tax). The second instrument comes from the exploitation of natural resources enforcing the obligation to pay an environmental compensation (CFEM -Compensation for the Exploitation of Mineral Resources). Both economic modalities are introduced in order to display the financial amount generated and distributed within a territory with a historical extractive profile. With an exploitation of 27 types of minerals, its reserves are located in 30 studied mining municipalities.
This research was conducted with the data about conservation units reported by the Institute of Forests of Minas Gerais (IEF/MG) used to prepare the Ecological ICMS index, regarded as the criterion for distribution of the ICMS transfer, as provided by the state law (Note 1). The ecological ICMS is divided into actions addressed to improvement of waste and sewage treatment systems, and actions intended to protection of the conservation units; 0.5% of the municipalities' ICMS is allocated to each of such actions. Core areas of Serra do Espinhaço Biosphere Reserve were used to assess the impact of the distribution of resources of the ecological ICMS on municipalities. The National System of Conservation Units (SNUC -Law No. 9.985) establish as the main objective of the conservation units of integral protection the preservation of nature, therefore, only the indirect use of their natural resources is allowed.
In order to calculate the evolution of the resources allocated to the Ecological ICMS and the conservation unit sub-criterion the data was reported by the João Pinheiro Foundation, government body of Minas Gerais in charge to disclose the transfer amounts of such resources. To calculate the actual values, the General Price IndexDomestic Availability (Índice Geral de Preços -Disponibilidade Interna, IGP-DI) (Note 2) was applied to the nominal values to facilitate the comparison of the time series, by excluding inflation.
The comparative study between the two absolute values of both instruments as well as the territorial dimension, both of the mining activity and of the conservation efforts, are the main axes proposed to subsidize the social dialogue, integrating mining and sustainability actions in Serra do Espinhaço Biosphere Reserve. Figure 2) ; of these, 29 have populations of less than 10 000 inhabitants, 17 between 10 000 and 50 000 inhabitants; and 6 have populations of around 150 000 inhabitants, while the State capital has 2 258 096 inhabitants (IBGE, 2010) . The growth rate of the population between 2000 and 2010 was unequally in the Serra do Espinhaço Biosphere Reserve. It has been correlated to the economic development and also the human development index. The 15 municipalities that received most funds from mining royalties are among the 14 municipalities with higher population growth. Among the reasons for this higher growth rate is the municipality's economic development (Figure 2 ).
Results

Serra do Espinhaço comprises 53 municipalities (
The HDI (Human Development Index) is higher in the state capital, Belo Horizonte (0.839) and reaches the lower value of 0.626 in Senador Modestino Gonçalvez. Most of the municipalities showing a HDI close to 0.6 correspond to the villages with negative or zero population growth. These towns do not have mineral deposits, showing that mining has represented a factor for the development in the region (Figure 2 ).
Ecosystem Services Provided by the Serra Do Espinhaço Biosphere Reserve
The highest rate of endemism Brazilian flora is found in the mountain range of Espinhaço, particularly in the Serra do Cipó. In addition to an exceptional rate of endemism in fauna, the Espinhaço mountains also represents a huge water reservoir. The mountains divide two major watersheds in the region: to the west the São Francisco Basin and to the east the Doce and Jequitinhonha rivers.
The campos rupestres are formed by a rich mosaic of plant communities that depend on the local land form, nature of the substratum and microclimate and even on the interaction with microorganisms, as recently discovered (Fernandes et al., 2011; Carvalho et al., 2012) . It is an extremely fragile ecosystem with low resilience. The rupestrian vegetation which is associated to metal-rich soils in the region known as Iron Quadrilateral has ca 80% of endemic species occurring in iron-rich substrates, 10% in substrates rich in chrome, niobium, bauxite and manganese while other 10% are associated to nickel-rich substrates. More than 40 species are extremely specialized to bioaccumulate metals and they should be preserved because of their potential in site restoration (Jacobi et al., 2011) , while hundreds of other ones are tolerant to heavy metals as well (GWF, unpublished data). The loss of plant species associated to metal rich areas should be considered as ecologic and genetic damages derived from surface-mining activities.
In the dry season, fire is a natural agent in the rupestrian field and many plant species are adapted to survive the periods of fire. On the other hand, recurrent fires may represent a problem yet now measured, but that could represent a major direct and indirect threats to the finely adapted species (see Barbosa et al., 2010) . In the rainy season, plants are abundant, favouring the appearance of lots of animals which depend on nectar and pollen, like humming-birds and bees and even ungulates.
In the area of Serra do Espinhaço Biosphere Reserve, because of its edaphic, geomorphological and particular biodiversity, only small scale agriculture could be practiced. Family agriculture is thus of great importance due to its potential for plant extractivism. Restrictions naturally imposed by edaphic, and geomorphological features in Serra do Espinhaço Biosphere Reserve inhibit large scale agriculture. The singular biodiversity and endemism levels should also be considered during the agricultural expansion planning. Family agriculture is thus of great importance in the region due to its potential for plant extractivism.
The landscape is characterized by scenic beauty and environmental richness which included in 11 core areas of a total surface of 204 522.14 hectares. Buffer zone has a greater quantity of conservation units: 16 PEAs (Protected Environmental Areas), one State Forest and 4 PNHR (Private Natural Heritage Reserves) (Figure 3) . It includes 1 879 996.65 hectares and was created based on the distribution of rupestrian fields, basins, the priority areas for biodiversity conservation in Minas Gerais historic cities, occurrence of geological monuments and distribution of conservation units of sustainable use (Sistema National de Unidades de Conservação, SNUC).
Payment for Environmental Services: Ecological ICMS
The ecological ICMS (Merchandise and Service Circulation Tax) is a mechanism that provides the municipalities with access to funding resources according to environmental criteria through a State law for the distribution of the share that the municipalities have the right to receive as a constitutional transfer.
In 2009, the municipalities had a total of 72 conservation units (CU) registered in the Institute of Forests of Minas Gerais (IEF/MG) at a provincial level and 14 municipal CU in Minas Gerais State (Brazil). The Serra do Espinhaço Biosphere Reserve covers an area of 3 076 457.8 hectares with a total of 2 084 518 ha (68% of the total surface) corresponding to conservation units.
The ecological ICMS is a pioneer mechanism for tax compensation in Brazil based on the "protector-receiver" principle. Its impact has been huge in some municipalities, such as, for example, in São Gonçalo of Rio Preto, which received 3 691% extra from the transfer following the implementation of this tool. In this municipality, the process contributes to the idea that the conservation unit is the main source of funds to the municipality. Figure 4 shows the distribution of Ecological ICMS transferred in 2009 among municipalities in Serra do Espinhaço Biosphere Reserve.
In the first three years of the law, the number of conservation units doubled in Minas Gerais State, although the majority of the areas created were sustainable use units, specifically EPAs (Environmental Protection Areas). The total amount of ecological ICMS transferred to municipalities in 2009 was US$ 12 903 400, representing an average of 6 dollars per hectare per year. Otherwise this value is very low and poorly distributed in relation with the territory's ecosystem services.
However Ecological ICMS is considered as a promising mechanism as it originated an increase in conservation units in the region and has improved the municipalities where it has been implemented.
Compensation for Mining Exploitation
The protection of the Serra do Espinhaço Biosphere Reserve's ecosystem services -rupestrian vegetation, water and culture-is now in conflict with mining, urban expansion and infrastructure projects. Presently, the increase in supply of raw materials caused by increasing consumption and population growth exerts high pressure on the Serra do Espinhaço ecosystems. The high dividends obtained from mineral exportation are a stimulus to the economy.
In 2010, resources from compensation for mining exploitation received by the municipalities were 20 times higher than those from Ecological ICMS. These resources should be applied to promote sustainable development in the municipalities and for maintenance and restoration of ecosystem services in collaboration with the mining sector and the society (Table 1) .
Discussion and Conclusion
Serra do Espinhaço is responsible for providing water to millions of Brazilians and many of its springs are threatened by deforestation, fires, silting and contamination. Moreover, the loss of biodiversity is very significant in this highly variable and fragile territory. The environmental impacts are increasingly higher on the traditional communities and they also affect the quality of life of its inhabitants.
The Madrid Action Plan for Biosphere Reserves recommends improving the financing of biosphere reserves, the payment for ecosystem services and the creation of partner agreements for forests and water . Another target would be the improvement of benefit-generation and quality of life of local communities.
However financial transactions and administrative modifications from enterprise actions prevent corporative leaders from creating any relationship with the populations in the areas in which their companies are located.
Resources for investments in "green" municipalities, that is to say, those municipalities providing conservation of ecosystem services through protected areas, in addition to the restoration of territories from extractive activities, should be as high as the funds from economic growth stimulating consumption. This would promote the reduction of environmental degradation and the establishment of a new form of municipal economy geared towards sustainable development by promoting the welfare to the populations.
The economic tools presented in this study should not be considered as a path to be followed, but as elements to be included in a social dialogue process. Through compensation for mining exploitation (mining royalties), or environmental criteria for ICMS to be distributed in the municipalities, it is possible to create strategies for economic development to fund maintenance of environmental services as well as to create green jobs.
Ecological ICMS is a tax which is proportional to consumption. As we seek to reduce the pressure on ecosystems, new paths are needed to guide biological diversity conservation. Sustainability requires more than a management system or laws. Public policies should promote greater effectiveness in those mechanisms for ecosystem protection and restoration.
The price per ton of mineral iron has increased considerably over the last ten years. Increased demand and the reduction of mineral reserves have created a scenario of growing ecosystem pressure. Considering that financial compensation for mining municipalities and ecological ICMS do not have a mandatory environmental aim, municipalities have to decide on the application of these resources. So far, Conservation Units and Biosphere Reserve territories are far from receiving reasonable benefits from the use of ecosystem services.
The reinforcement of these mechanisms based on sustainable practices, is feasible by taking into account collective solutions. An assessment of the actual scenario and of the evolution dynamics of renewable natural resources' exploitation activities is proposed as a perspective to this case study, in the context of the Serra do Espinhaço Biosphere Reserve. This requires a revision of existent sustainable development indicators as well as the creation of new ones that would contribute to improve a local dialogue, to improve participation of local communities and to devise cooperative plans resulting in guidelines for sustainable practices and strategies for integrated territorial management. 
